The relationship between changes in airways pressure, pleural pressure, and cranial volume was studied in a group of sick newborn infants requiring ventilatory assistance. Cranial volume increased appreciably only when lung compliance was such that more than 20% of the applied airways pressure was transmitted to the pleural space, or if the absolute pleural pressure was greater than 4 cmH2O above atmospheric pressure. The findings stress the need for more-critical monitoring during periods of rapid change in lung compliance.
The widespread use of positive end expiratory pressure1 has been associated with an improvement in the outlook for infants with hyaline membrane disease (HMD) . Many such infants still die or suffer long-term neurological sequelae as a result of intracranial haemorrhage.3 Although there is no known single cause for the haemorrhage, it is likely that the fragile vessel architecture in the subependymal layer of the germinal matrix is vulnerable to changes in cerebral arterial or venous pressure especially if there has been a preceding period of hypoxia which has compromised the integrity of the vessel walls, or if there is concurrent derangement of blood gas tensions.2 45 In addition control of autoregulation is impaired6 7 allowing central pressure changes to be transmitted to the cerebral vasculature. It has been suggested8 that a contributing factor may be the continuous level of positive airways pressure to which these infants are often exposed which may increase cranial venous volume and pressure by obstructing venous return to the right heart. In order to assess whether this was of concern a group of sick newborn infants was studied so that the relationship between cranial volume, airways pressure, and pleural pressure could be defined.
Materials and methods
Satisfactory measurements were obtained from 15 infants requiring ventilatory assistance. Seven had classical HMD, 3 had evidence of lung oedema on x-ray films (fluid in fissures, Kerley's B lines), 1 had All infants were awake or in rapid eye movement sleep during the study10 and no infant was studied within an hour of the preceding feed.11 Output was on 4-channel recording paper. Cerebral blood flow was measured in 8 infants using the method described by Cross et (Fig. 3) . This is in direct contrast to the normal situation where each spontaneous inspiration is accompanied by a negative intrathoracic pressure which, in turn, is reflected in a decrease in cranial volume and intracranial pressure. The amount by which cranial volume increased was closely related to the proportion of applied airways pressure which was transmitted through to the pleural space (Fig. 4) . The horizontal axis in Fig. 4 is an indirect measure of compliance so that those infants with more-compliant lungs had a greater increase in cranial volume for any given pressure applied at the airways. Fig. 5 (mean 0025 %, SD 0 024), through the group with -lung oedema (mean 0 045 %, SD 0 01), to the group with apnoea (mean 0-23%, SD 0-1). There were A significant differences between the apnoeic group and the group with HMD (P<O0OO1 by 2-tailed t test), e and between the apnoeic group and the group with lung oedema (P<0-02 by 2-tailed t test (Figs 1 and 2) shows that the non-invasive measurement of skull circumference changes accurately reflects changes in cranial volume and is a good proportional index of changes in intracranial pressure.
There are no figures available for cerebral blood volume in the newborn infant but, if it is of the same order as the 3-7 ml/100 g brain reported for adult man12-15 and a figure of 5 ml/100 g brain is used, the changes in cranial volume reported here would range from 0 to 8%0 of cerebral blood volume. Using a skull-brain compliance derived from Fig. 2 Arterial pressure in the patients in this study was more closely related to whether or not the infant was breathing spontaneously than to the amount of positive airways pressure. In spontaneously breathing infants, whether or not they were being ventilated, mean arterial blood pressure was generally lower because of the large paradoxical fall in pressure on inspiration. Cerebral blood flow levels were within normal limits, except for Case 11 who had had an intraventricular haemorrhage 3 days before.
The findings of the study reinforce the need for more-critical monitoring of the suitability of ventilation patterns to the particular infant at any particular time. In practice this is difficult to achieve unless the infant is constantly monitored by an experienced observer who can make immediate relevant changes in treatment during phases of rapid change.
Spontaneous ventilation has the additional effect of a negative pressure pump on the cerebral circulation. When intrathoracic pressure is artificially maintained above atmospheric pressure this circulation is at risk. 
